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The  resea rch  desc r ibed  i n  th i s  t hes i s ,  i s  pa r t  o f  t he
pro ject  "Accurate determinat ion and in terpretat ion of  e lect ron
densi ty  d is t r ibut ions" ,  per formed at  the Laboratory of  Chemical
Physics of  the Uni l 'ers i ty  o f  Groningen.  Apar t  f rom the thes is
o f  Ve rschoo r (L967  )  and  Keu len (197 f ) ,  much  wo rk  has  been  spen t
on  sys tems  con ta in ing  s ing le ,  doub le  and  t r i p le  C-C  bonds .  The
at  room temperature,  gaseous compounds ethane,  ethene and
ace ty lene  have  recen t l y  been  s tud ied  by  Van  Nes  (1978)  .  The
presen t  s tudy  o f  2 ,S -d ime thy lhexene-2 ,S -d io1  i s  a  con t i nua t i on
o f  t he  rea rch  pe r fo rmed  by  Ruys ink ( f973 )  and  He lmho ld t ( f 975 )  on
the,  a t  room temperature,  so l id  compound
nT{
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The dynamical  e lect ron densi ty  d is t r ibut ion of  t l - re  molecules
is  determined by X-ray d i f f ract ion.  A procedure used to compare
exper imenta l  and quantum theoret ica l  densi ty  d is t rubut ions has
been  desc r ibed  by  Van  l l es (1978) .  The  chanqes  due  to  chemica l
bond ing  ( re fe r red  to  as  "bond ing  e f fec t "  )  can  be  shown  in  so
cal led deformat ion densi ty  maps.  These maps represent  the
di f ference between the dynamical  densi ty  present  in  the crysta l
and the densi ty  ca lcu lated for  a  model  consis t ing of  spher ica l
non-bonded atoms 
"  
The posi t ions of  the atoms for  the mooel  and
thei r  thermal  parameters must  be the same as for  the rnolecules
in  the  so l i d  s ta te  (pa r .  7 . I )  .  The  sma l l  he igh ts  o f  t he  "bond in -o
max ima"  ( ca .  O .Oe /R3  fo r  a  doub le  C-C  bond)  a re  sma l l  í n
compar ison wi th  the densi t ies of  the super imposed non-bonded
cH3- ï  
ï - ï - ï - ' " ,
atoms.  Therefore,  for  the s tudy of  bonding ef fect  very accurate
X-ray dÍ f f ract ion data must  be avai lab le,  which are f ree f rom
both systemat íc  and random errors.  Precaut ions to  be taken in
such a s tudy as wel l  as the advantages and poss ib le  r isks of
supplement ing the X-ray d i f f ract ion work by neutron d i f f ract ion
da ta ,  have  been  d i scussed  by  Van  Nes (1978 ) ,  He lmho ld t (1975 )  and
Ruys ink  (1973 )  .
One of  the top i -cs s tudied in  the present  thes is  is  the
in f l uence  o f  t he  t ype  o f  p ro f i l e  ana lys i s .  P ro f i l e  ana lys i s
is  appl ied to  answer the quest ion:  where does the ref lect Íon
star t ,  where does i t  end? The choice of  the ref lect ion region
in f l uences ,  t he  ne t t  i n tens i t y ,  and  thus  the  s t ruc tu ra l
parameters and f ina l  deformat ion densi ty  maps (chapter  2)  .  The
data used for  th is  s tudy are the s tep scan measurements carr ied
ou t  by  He1mho ld t (1975 )  on  2 ,5 -d ime thy lhexy r r -2 ,5 -d i o1 .  I t  t u rns
ou t  t ha t  espec ia l l y  t he  sca le  fac to r  i s  ve ry  sens i t i ve  to  the
way  i n  wh ich  p ro f i l e  ana lys i s  i s  pe r fo rmed .  Sys temat i c  e r ro rs ,
which may have af fected our  prof i le  analys is  s tudy,  are errors
due  to  the rma l  d i f f use  sca t te r i ng  (TDS)  .  Ca lcu la t i ons  ca r r i ed
ou t  by  He lmho ld t ( f 975 )  and  K roon(1977)  have  made  c lea r  t ha t
for  molecular  crysta ls  TDS errors in  the net t  in tens i t ies of
h j -gh  o rde r  re f l ec t i ons  ( s in@/À= f  . 08 - I )  may  be  as  h igh  as  the
Bragg in tens i ty  i tse l f ,  even i f  the measurements are done at
n i t rogen temperature.  A way to  avoid these errors  is  to  correct
the prof i les for  TDS scat ter ing.  This  can be done in  reasonable
approx imat ion i f  the e last ic  constants  of  the crysta l  are knovrn
and,  hopefu l ly ,  in  bet ter  apnrox imat i -on by the use of  la t t ice
dynamica l  ca l cu la t i ons  (K roon ,1977)  .  I n  t he  nea r  fu tu re ,  s tud ies
o f  t h i s  k ind  w i l l  be  ca r r i ed  ou t .
3For accurate co l lect ion of  very h igh order  re f lect ions of
molecular  crysta ls ,  a t temps have been made to supply  the CAD4
d i f f rac tomete r  w i th  an  "open"  He  coo l i ng  sys ten  (pa r .  3 .5 ) .
Because of  unexpected d i f f icu l t ies,  measurements at  He tempera-
tures have not  yet  been poss ib le .  Another  way to  reduce st rong
thermal  mot ion and thus thermal  d i f fuse scat ter ing,  is  to  focus
the research on crysta ls  wi th  very s t i f f  la t t ices (minera ls  for
examp le ) .  He re  re f l ec t i on  i n tens i t i es  ex tend  to  much  h ighe r
s in@/À  va lues  than  i s  usua l l y  t he  case  fo r  mo lecu la r  c rys ta l s ,
A d isadvantage of  the research on non-molecular  crysta ls  is
that  for  the theoret ica l  d iscuss ion,  extensive quantum chemical
ca lcu lat ions on the crysta l  as a whole are requi redr  ês no
molecular  ent i t ies wi th  smal l  in termolecular  in teract ions
can be d is t inguÍsed.  On the other  hand i t  is  wor thwhi le  to
invest igate phys ica l  proper t ies l ike f ie ld  gradients  and
quadrupo le  momen ts  (S tewar t , I 972 )  .
As ment ioned above,  the compound studied is  t rans 2,5-
d imethy lhexene-2,5-d io l .  Pre- l iminary work showed that  the
compound crysta l l izes as an or thorhombic hydrate CgO2H rU. \nrO
(to be referred to  as I ï  t rans A)  and j -n  a monocl in ic  water
f ree  fo rm ( I ï  t r ans  B ) .  C rys ta l s  o f  t he  hyd ra te  have  been
s tud ied  be fo re  by  conven t j -ona l  x - ray  me thods  by  Ruys ink (1973) .
fn  chapter  6 the molecular  geometr j -es and pack ing in  the
crysta ls  of  the two rnodi f icat ions are g iven.  ïn  both modi f icat ions
hydrogen bonds p lay an impor tant  par t  in  the in termolecular
in teract ion.  The st ructure determj-nat ion of  chapter  5 shows
tha t  i n  t he  non -hyd ra ted  monoc l i n i c  mod i f i ca t i on  ( r r  t r ans  B ) ,
one of  the two independent  molecules is  d isordereC,  imply ing







densi ty  s tud ies.  rn  chapter  4 the accurate measurements for :
r ï  t rans À are descr ibed.  The precaut ions necessary for  the
intens i ty  measurements regui re modi f icat ions in  the s tandard
l t ron ius CAD program system. These modi f j -cat ions are q iven Ín
pa r .  4 .1 .
l ' o r  f I  t r ans  A  conven t iona l  h igh  o rde r  (pa r .  6 .1 )  and
mul t ipo le ref inements (chapter  8)  wi th  the program VALRAy
(S tewar t ,1969)  have  been  pe r fo rmed .  A  number  o f  mod i f j _ca t i ons
introduced in the Groningen versj_on of rhe program VALRAy are
desc r ibed  i n  pa r .  7 .5 .  I {e igh ted  re f i nemen ts  w i th  mu l t i po res
up to octopoles on c  and o,  decreased the weighted j -ndex Rw(ï )
t o  0 .8  pe r  cen t (pa r .  8 .3 ) .  The  resu l t s  o f  t he  re f i nemen ts  w i t h
two types of  varence scat ter ing factors for  c  and o are
compared  i n  pa r .  8 .4 .  The  two  t ypes  o f  sca t te r i ng  fac to rs
are based on:  (a)  s ing le ex: :onent ional  S later  type fuct ions
w i th  va r iab le  e  ( z  re f i nemen ts ) ,  and  (b )  scF  wave  func t i ons
f rom C lemen t i ' s  (1965)  3P  ca l cu la t i ons  (p  re f i nen ,en ts )  .  f  t  t u rns
out  that  for  the Z ref inements the monopole popurat ions agree
bet ter  wÍ th  chemical  in tu i t ion (O more e lectonecrat ive than C)
than the P ref inements.
In  chap te r  9  ( f i l t e red )  de fo rma t ion  dens i t y  d i s t r i bu t i ons
are shown for  the Z and p ref inements and usual  deformat ion
densi ty  d is t r ibut ions are g iven for  the h igh order  re f inements.
The  sca le  f ac to r  ( pa r .  6 .1  and  8 .5 )  t u rns  ou t  t o  be  t he  ma jo r
source of  the d i f ferences between the deformat ion densi t ies
resul t ing f rom the var ious ref inements.
No t i ceab le  fea tu res  o f  t he  dens i t y  d i s t r i bu t i ons  a re  the
changes in  the oxygen lone pai r  reg ions due to  hydrogen bonding
(pa r .  10 .3 r4 ) .  The  l one  pa i r  e l ec t rons  t end  t o  concen t ra te
5around the hydrogen bonds, 1n agreement with quantum chemical
ca lcu lat j -ons for  smal l  systems by Yamabe and Morokuma(1975) .
The observed bonding effects for the C-C bonds are compared
with quantum theoretical values for the model mol-ecu1e
CHt-CH=CH-CH2OH .  For  the ab in i t io  ca lcu lat ions basÍs
funct ions inc lud ing one polar izat ion funct ion for  C and O
were used.  The resul ts  of  the quantum theoret ica l  ca lcu lat ions
(par .  L0.2)  agree remarkably  wel l  wi th  the exper imenta l
deformat ion densi t ies .
A survey of the results obtained for C-C bonding maxima
in the compounds studied so far  in  the research pro ject
"Accurate determinat ion and in terpretat ion of  e lect ron densi ty
d Ís t r i bu t i ons "  i s  g i ven  i n  chap te r  l l .  The  thes i s  f i n i shes
wi th some proposals  for  fu ture research.
